Nepeta cataria L. var. citriodora (Becker) increases penile erection in rats  by Bernardi, Maria Martha et al.
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Ethnopharmacological  relevance:  Nepeta  cataria  (NC),  catnip,  induces  pleasure  in cats  and  humans.
Aim  of the  study:  Because  sexual  behavior  is involved  in  pleasure,  the  effect  of NC  on  sexual  behavior
and  penile  erection  was  evaluated  in  male  rats  that  were  acutely  fed  chow  enriched  with  10% NC leaves.
Further,  yawning  was  monitored  because  we  previously  demonstrated  that  NC  modiﬁes  dopaminergic-
related  behaviors  and that sexual  behavior  is  closely  linked  with  the  dopaminergic  system.  The general
activity  and  the  motor  coordination  were  examined  to  investigate  the  possible  motor  and  emotional
interferences  of  the  sexual  performance.
Material  and  methods:  Male  rats  of  the  NC  group  received  for  a  4  h  period  the  chow  enriched  with 10%
NC  leaves  while  the control  groups  received  regular  chow.  Fifteen  min  after  the  end  of the  4 h  period
of  NC  feeding  the  sexual  behavior,  apomorphine-induced  penile  erection  and  motor  coordination  wereotor coordination
pen ﬁeld
awning
observed;  the  general  activity  in the  open  ﬁeld  was  assessed  0,  15,  30  and  60 min  after  treatment.
Results:  NC  treatment  increased  male  rat’s  penile  erection.  A slightly  facilitation  on  male  rat  sexual  behav-
ior and  a decreased  in  general  activity  of  NC  treated  rats  were  observed.  No  effects  on  motor  coordination
and  yawning  episodes  were  detected  by  the  NC  treatment.
sted  
dopaConclusions:  It was  sugge
behavior  by  an  action  on  
. Introduction
Nepeta cataria (NC), popularly called catnip or catmint, is a
erennial herb belonging to the mint family (Lamiaceae). NC has
ong been used in North American popular medicine and in teas,
yes, and infusions. Nepeta species are widely used because of their
ntispasmodic, expectorant, diuretic, antiseptic, febrifuge, antitus-
ive, and antiasthmatic effects (Smitherman et al., 2005). Also this
lant that has been used extensively in toys for pets (Smitherman
t al., 2005). Catnip alters behavior and produces pleasurable sen-
ations in both wild and domestic cats as well as in other mammals
Hatch, 1972). One study also associated pleasurable experiences
ith catnip in humans. The dried leaves or extract, when smoked,
roduced symptoms similar to those of marijuana and LSD (Jackson
nd Reed, 1969).
Because sexual behavior is involved with pleasure, the aim
f the present study was  to evaluate the sexual behavior and
Abbreviations: Var., variety; NC, Nepeta cataria; Min., minutes; h, hours; AIN,
merican Institute of Nutrition; PVN, paraventricular nucleus.
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Open access under the Elsevier OA license. that  NC increases  penile  erection  and  slightly  improves  male  rat  sexual
minergic  systems.
© 2011 Elsevier Ireland Ltd. 
apomorphine-induced penile erection in male rats acutely fed
chow enriched with 10% NC leaves. The role of NC in sexual behavior
has not yet been elucidated.
It was also measured the apomorphine-induced yawning
episodes, because previously we found that the ingestion of NC
modiﬁes dopaminergic-related behaviors with an amphetamine-
like effect (Massoco et al., 1995). Moreover, sexual behavior is
closely linked to the dopaminergic system. Among the central neu-
rotransmitters involved in the control of sexual behavior, dopamine
is one of the most extensively studied. Several studies provide
neuropharmacological, biochemical, electrophysiological and psy-
chobiological evidence that dopamine plays a pivotal role in the
control of different aspects of sexual behavior (Hsieh et al., 2004;
Dominguez and Hull, 2005; Pfaus, 2009).
The general activity in the open ﬁeld and the motor coordination
were also examined to investigate the possible motor or emotional
effects on the sexual performance of male rats.
2. Material and methods
Open access under the Elsevier OA license. 2.1. Animals
Male and female Wistar rats (100 days of age) from our colony
were used. The animals were housed in groups of ﬁve in polypropy-
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ene cages with metallic cover (40 × 50 × 20 cm)  at controlled room
emperature (22 ± 2 ◦C), humidity (65–70%) and artiﬁcial lighting
12 h light/12 h dark cycle), with free access to food and ﬁltered
ater. Thirty-four male rats were maintained in reverse light-
ng conditions (lights on 22:00 h) for at least one month before
he onset of experiments. These animals were used in sexual
ehavior, penile erection and yawning behavior studies that were
erformed between 14:00 and 17:00 h, during the dark period.
nother thirty-eight male rats were maintained in normal arti-
cial lighting conditions (lights on 06:00 h) and were evaluated
n the open ﬁeld and motor coordination studies during the light
eriod, between 14:00 and 17:00 h. The rats used in this study
ere maintained in accordance with the guidelines of the Com-
ittee on the Care and Use of Laboratory Animal Resources of the
chool of Veterinary Medicine, University of São Paulo, Brazil. These
uidelines are similar to those of the National Institutes of Health,
ethesda, MD.  Experiments were carried out in accordance with
ood laboratory practice (GLP) protocols and with quality assurance
ethods.
.2. Botanical material collection and N. cataria-enriched chow
roduction
N. cataria L. var. citriodora (Becker) was collected on May  10,
005 (autumn season), in Serra Azul Street, 308, Piracicaba, SP,
razil, number 001/205. Specimens were identiﬁed by botanist Ori-
na Favero, PhD, from the Universidade Presbiteriana Mackenzie. A
oucher specimen was deposited in the Herbário Municipal de São
aulo as collection number PMSP8986.
After collection, the leaves (3.195 kg) were completely dried in
n air circulation stove set at 40 ◦C, ground in a hammer mill to a
nal granulometry of four mesh and mixed with regular powdered
how in a 10% proportion until complete homogenization. The tem-
erature employed to dry the NC leaves was not effectiveness to
ecompose the active compounds. This is a usual procedure in a
hytochemical laboratory, to eliminate water before the material
ere milled.
According to the American Institute of Nutrition (AIN), the chow
sed in this study, which was mixed with 10% NC leaves, main-
ained the minimal amounts of essential nutrients recommended
n the AIN-93G diet formulated for the adequate development of
ats (Reeves et al., 1993).
.3. Treatments
Animals were distributed randomly into control and NC groups.
he rats of the NC group received the chow enriched with 10%
C leaves for a 4 h period. The control groups received regular
how (Nuvital®, Nuvital company, São Paulo, Brazil), which was
alanced and speciﬁc to lab animals, without the plant leaves dur-
ng the same period. We  chose the route of the plant administration
ecause this is the natural way of the plant consumption.
.4. Chow consumption evaluation
In all behavioral experiments (sexual behavior, apomorphine-
nduced penile erection, apomorphine-induced yawning, general
ctivity in the open ﬁeld and motor coordination), the food con-
umption was measured (weight, g) before and after the 4-h
eeding period. Both, rats of control and experimental groups
ere starved 24 h before the experiment. This period and the
lant concentration were chosen because previous data showed
hat that 4 h of feeding with 10% plant material produced clearly
ntidepressive effects the learned helplessness model of depression
Figueiredo et al., 2005).rmacology 137 (2011) 1318– 1322 1319
2.5. Sexual behavior test
Eighteen male rats (9 for each group) were used to study the
effects of NC feeding on sexual behavior. The test was conducted
in a wooden box (56 × 32 × 32 cm)  with a moveable cover, frontal
glass and pine shavings on the ﬂoor. The test room was  illumi-
nated by two 25-W red lamps. Male rats were allowed to mount
ovariectomized females that had been sexually activated with
exogenous estradiol (50 g/kg subcutaneously [s.c.], 54 h prior to
the experiment) and progesterone (2.0 mg/kg s.c., 6 h prior to the
experiment). The female lure rats were tested once for receptivity
before being placed with the males. Fifteen min  after the end of
the 4 h period of NC feeding, male rats, individually, were allowed
to acclimate to the behavior box for 5 min, after which a recep-
tive female was introduced and sexual behavior was monitored for
40 min. The following parameters were recorded: (1) ﬁrst mount
latency (min, without intromission); (2) ﬁrst intromission latency
(min, mount with vaginal insertion); (3) ﬁrst ejaculation latency
(min); (4) ﬁrst post-ejaculatory mount latency (min); (5) number of
mounts until the ﬁrst ejaculation; (6) number of intromissions until
the ﬁrst ejaculation; (7) total number of intromissions in 40 min;
and (8) total number of ejaculations in 40 min.
2.6. Penile erection and yawning tests
Sixteen male rats (8 for each group) were used for penile
erection and yawning studies. Fifteen minutes after the 4-h NC
feeding period, each rat was simultaneously tested for penile
erection and yawning induced by 0.08 mg/kg of apomorphine s.c.
Moderate doses (0.05–0.2 mg/kg) facilitate male sexual responses,
including penile erection (Andersen and Tuﬁk, 2005) and yawns
(Zarrindast and Farahvash, 1994). Immediately after the apomor-
phine treatment, each animal was individually placed into a glass
box (30 × 30 × 30 cm)  with a mirror wall. This box was elevated
10 cm above a mirror (45 × 45 cm). The rats were observed for
60 min, during which the latency (s) and frequency of sponta-
neous penile erection (only when the rat displayed full erection
and bent down to lick its penis) as well as the latency (s) and fre-
quency yawns were recorded. Frequency of spontaneous penile
erection was deﬁned as the number of genital reﬂexes, and latency
(s) was  deﬁned as the time elapsed between the injections to
the ﬁrst penile erection. Yawning frequency and latency (s) were
recorded by visual observations. The device was washed with a 5%
alcohol/water solution before placement of the animals to obviate
possible biasing effects from odor clues left by previous rats.
2.7. General activity in the open ﬁeld test
Eighteen male rats (9 for each group) were used for general
activity studies in the open ﬁeld. Fifteen min after the end of the
4-h NC feeding, rats were individually observed in the open ﬁeld
in ﬁve sessions: 0, 15, 30, 60 and 90 min. The device was similar
to that described by Broadhurst (1960),  i.e., a round arena 96 cm in
diameter surrounded by a 25-cm high enclosure, painted white and
subdivided into 25 parts painted black. Hand-operated counters
were employed to count the locomotion frequency (number of ﬂoor
sections entered) and rearing frequency (number of times an ani-
mal  stood on its hind legs) and a chronometer was used to measure
immobility duration (total time in seconds without spontaneous
movements). For open-ﬁeld observations, each rat was individu-
ally placed in the center of the arena and its behavioral parameters
were recorded for 5 min. The device was washed with a 5% alco-
hol/water solution before placement of the animals; control and
experimental rats were intermixed.
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Table 1
Effects of acute feeding of catnip (10% N. cataria leaves) on the sexual behavior of male rats (n = 9 for both groups, means ± SEMs).
Parameters Controlgroup Catnipgroup p
First mount latency (min) 0.95 ± 0.19 0.79 ± 0.14 0.2358
First  intromission latency (min) 1.67 ± 0.35 1.78 ± 0.30 0.4218
First  ejaculation latency (min) 19.06 ± 2.20 17.37 ± 1.55 0.2702
First  post-ejaculatory mount latency (min) 5.79 ± 0.49 4.83 ± 0.36 0.0684
Number of mounts until the ﬁrst ejaculation 24.58 ± 1.90 7.55 ± 5.40* 0.0415
Number of intromissions until the ﬁrst ejaculation 24.56 ± 1.77 35.67 ± 6.90 0.0693
 ± 3.4
 ± 0.3
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Total  number of ejaculations 1.78
* p < 0.05 versus the control group (Student’s t-test).
.8. Motor coordination test
Twenty male rats (10 for each group) were used for the motor
oordination test. Motor coordination was evaluated by adapting
 model described by Jeffery and Blakemore (1997).  The appara-
us has a wooden beam, 18 mm in width and thickness and 2 m in
ength, with a 100 mm2 and 18 mm in thickness platform at each
xtremity. The beam had 200-mm height feet, at platforms and
t center, painted white with two black vertical marks delimiting
 m in the central portion. During the experiment, this beam was
eaning on a balcony of the observation room.
First, rats were submitted to a 7–10 day training period, similarly
hat described by Jeffery and Blakemore (1997).  The training period
as considered complete when each rat could reliably cross the
eam without stalling (four crossings). The animals that were not
apable of walking on the beam within 10 days were excluded from
he experiment. Once trained, the experimental group received the
C enriched chow for 4 h, while the control group received the nor-
al  chow. Fifteen minutes after feeding, the motor coordination of
oth groups was measured. During each evaluation, a score was
ttributed for each step with the pelvic member, each turn toward
he observer and when the rat walked in the central portion of
eam (1-m among the black vertical marks) at each cross. Scores
ere given according to the following scheme: 0 = ‘normal’: foot
ositioned on top of the beam, no slippage; 1 = ‘minor error’: foot
lip so that part of the foot was visible below the lower surface of
eam, or the foot dragged along beam surface; or 2 = ‘major error’:
hole foot slipped below lower surface of the beam. The total score
or each rat at each time point (i.e., the sum of errors for the four
rossings) was recorded and used for subsequent statistical analy-
is. The device was washed with a 5% alcohol/water solution before
lacement of each animal.
.9. Statistical analysisResults are expressed as means ± SEMs. Homoscedasticity was
eriﬁed through the F or Bartlett’s test. Normality was veri-
ed through the Kolmogorov–Smirnov test. Thus, Student’s t-test
ig. 1. Effects of acute feeding of catnip (10% N. cataria leaves) on the apomorphine-in
ean  ± SEMs. ***p < 0.0001 versus the control group (Student’s t-test). n = 8/group.5 43.22 ± 6.85 0.1384
4 2.00 ± 0.33 0.6437
(unpaired, two-tailed) was used to compare the parametric group
data in sexual behavior, penile erection, yawning and motor coor-
dination studies. For the open ﬁeld general activity test, two-way
ANOVA, followed by the Bonferroni test, was  employed. In all the
cases, the results were considered signiﬁcant at p < 0.05.
3. Results
The body weight of control and experimental groups were
not statistically different [before treatment–control group:
321.2 ± 2.1 g and experimental group: 323.2 ±2.2 g; after treatment
control group: 325.4 ± 2.2 and experimental group: 327.4 ± 2.1].
Also, the weight gain between groups was not different [con-
trol group: 3.8 ± 0.2 g; experimental group: 3.9 ± 0.2 g]. Food
consumption during 4 h period was  not altered between rats
fed with NC-enriched chow and the control group (control
group = 4.1 ± 0.2 g; experimental group: 4.3 ± 0.2 g].
Table 1 shows the effects of the chow enriched with 10% NC
leaves on the sexual behavior of rats. The number of mounts before
the ﬁrst ejaculation was  decreased in the NC group as compared to
the control group [p < 0.0415]. However, NC did not affect any other
aspect of sexual behavior, i.e., ﬁrst mount latency, ﬁrst intromis-
sion latency, ﬁrst ejaculation latency, ﬁrst post-ejaculatory mount
latency, number of intromissions before the ﬁrst ejaculation, total
number of intromissions and total number of ejaculations.
Fig. 1 shows the effects of the chow enriched with 10% NC leaves
on apomorphine-induced penile erection of rats. Relative to control
group, the frequency of apomorphine-induced penile erection was
increased in the NC group (p < 0.0001). No difference was observed
in the latency to penile erection between the control and NC groups
(p = 0.2785).
The effect of chow enriched with 10% NC leaves on yawning, gen-
eral activity in the open ﬁeld and motor coordination studies in rats
is shown in Table 2. No differences were detected in the yawning
frequency and latency between the control and NC groups. Acute
feeding of NC decreased the locomotion frequency of rats during a
15-min session, when compared to the control group. However, at
0, 30, 60 and 90 min  of observation, the locomotion was statistically
duced penile erection latency and frequency of male rats. Data are expressed as
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Table  2
Effects of acute feeding of catnip (10% N. cataria leaves) on yawning (n = 8 for both groups), general activity (n = 9 for both groups) and motor coordination (n = 10 for both
groups)  of male rats (means ± SEMs).
Parameters Control group Catnip group p
Yawning frequency 14.50 ± 3.46 14.12 ± 2.23 0.4644
Yawning latency (s) 833.88 ± 138.09 757.14 ± 115.81 0.3374
General activity in the open ﬁeld
Locomotion frequency
0 min  83.67 ± 7.64 72.78 ± 8.26 >0.05
15  min  65.00 ± 9.26 36.50 ± 6.12* <0.05
30  min 34.56 ± 9.68 32.11 ± 5.45 >0.05
60  min 35.56 ± 9.88 26.78 ± 4.92 >0.05
90  min  32.11 ± 6.29 15.33 ± 3.57 >0.05
Rearing frequency
0 min  12.56 ± 1.74 7.89 ± 1.18* <0.05
15  min  5.55 ± 1.01 3.89 ± 0.90 >0.05
30  min 4.44 ± 0.87 6.00 ± 1.40 >0.05
60  min  4.22 ± 1.01 7.00 ± 1.25 >0.05
90  min 4.22 ± 1.01 3.11 ± 0.79 >0.05
Immobility (s)
0 min 0.89 ± 0.89 1.44 ± 1.44 >0.05
15  min  0.89 ± 0.68 0.44 ± 0.44 >0.05
30  min  1.11 ± 1.11 1.22 ± 1.22 >0.05
60  min  6.22 ± 4.09 8.78 ± 6.35 >0.05
90  min  4.00 ± 2.83 1.44 ± 1.44 >0.05
Motor  coordination score 3.50 ± 0.65 4.60 ± 0.68 0.2719
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* p < 0.05 versus the control group.
qual between both groups. [Treatment – F1/80 = 3.96, p = 0.05; ses-
ions – F4/80 = 8.30, p < 0.0001; interaction – F 4/80 = 0.42, p = 0.79].
earing frequency was signiﬁcantly reduced in the ﬁrst session
treatment – F1/80 = 0.73, p = 0.39; sessions – F4/80 = 9.72, p < 0.0001;
nteraction – F4/80 = 3.22, p = 0.01]; the immobility duration was  not
tatistically different during any observation session [treatment –
1/80 = 0.04, p = 0.83; session – F4/80 = 1.88, p = 0.12; interaction –
4/80 = 0.24, p = 0.91] when the control and NC groups were com-
ared. Finally, the motor coordination was not different between
roups.
. Discussion
The results show that 4 h of feeding of experimental animal
ith 10% plant material (N. cataria mixed with chow) was  able
o alter sexual behavior, penile erection and general activity of
ats. Particularly, the locomotion and rearing frequencies in the
pen ﬁeld were decreased after 15 min  and ﬁrst sessions, respec-
ively. Thus, the 15 min  latency to NC effects was  chosen to perform
he remained experiments. In addition, previous results using the
ame regimen dose reduced the depressive signs observed in the
earned helplessness model of depression after 15 min  after treat-
ent (Figueiredo et al., 2005).
Food consumption was not signiﬁcantly different between the
ontrol and NC groups; thus, NC does not affect chow consumption
nd indicates that each rat has equal access or dosing within 4-h
ession. Therefore, the behavioral changes found were not triggered
y nutritional differences by NC.
NC decreased the number of mounts prior to the ﬁrst ejaculation,
ithout altering the number of ejaculations. Consistent with pre-
ious work, these data suggest that NC increases mount efﬁciency
Bitran and Hull, 1987).
However, none of the other parameters of sexual behavior
xamined were changed following the ingestion of NC. Speciﬁcally,
he lack of differences between control and NC groups on mount,
ntromission and ejaculation latencies suggest that NC did not mod-
fy the motivational aspects of sexual behavior. These aspects are
ll considered parameters of sexual motivation (Agmo, 1999; Pfaus,
009). Thus, NC only slightly improves male rat sexual behavior.y the Bonferroni test for the general activity test.
The number of mounts also may  reﬂects an increase in sexual
motivation, but it may be confounded by other factors, such as
motor interferences and should be interpreted with caution (Agmo,
1997). Data from motor coordination studies indicate that NC does
not affect the ﬁne motor performance involved in sexual behavior
(Agmo, 1999).
The most interesting result of this study is the penile erection
data. In addition to the slight effects of NC on sexual behavior, the
penile erection was increased in these rats. Thus, the increased
penile erection represents an improvement in sexual performance.
Presently, penile erection was induced by apomorphine, a
potent nonselective DA receptor agonist that activates all of the DA
receptor subtypes (Missale et al., 1998). High apomorphine doses
induce stereotyped behavior and low doses penile erection and
yawning behavior (Andersson, 2001). In relation to penile erec-
tion, the paraventricular nucleus (PVN) of the hypothalamus is an
integration center between the central and peripheral autonomic
nervous systems (Argiolas and Melis, 2005). Apomorphine has PVN
selective action at low doses to induce penile erection. Moreover,
activation of these areas by excitatory amino acids (N-methyl-
d-aspartic acid), oxytocin, dopamine or its agonists, or electrical
stimulation leads to penile erection (Giuliano and Rampin, 2004).
In this respect, previous results from our group suggest that NC
exposure has an amphetamine-like effect (Massoco et al., 1995),
suggesting that NC active principles has dopaminergic activity.
The present ﬁndings also suggest a dopaminergic activity of NC
active principles, since NC treatment potentates the penile erec-
tion induced by a low dose of the dopaminergic agonist. This effect
seems to be speciﬁc because no stereotypy or stimulation was
observed. However, apomorphine also activates oxytocinergic neu-
rons in the PVN (Melis et al., 1992). Dopamine-containing nerve
endings impinge on oxytocinergic cell bodies in the PVN, which
project, in turn, to extra-hypothalamic brain areas such as the hip-
pocampus, the ventral medulla and the spinal cord. In addition,
apomorphine indirectly activates septo-hippocampal cholinergic
neurons, which have a modulatory role in penile erection (Heaton,
2000). Finally, dopaminergic stimulation activates serotonergic
neurons in the median raphe, thus placing DA neurons upstream
of raphe hippocampal 5-HT neurons in this segment of the erec-
tile pathway (Heaton, 2000). Thus, it is possible that NC increased
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enile erection not only by dopaminergic activity but also by inter-
erence with other neurotransmitters.
In this study, apomorphine administration not only induced
enile erection but also yawning behavior. Yawning is a stereo-
yped behavior, which can occur alone or in combination with
tretching and/or penile erection in humans and animals (Argiolas
nd Melis, 1998). The present data show that apomorphine induced
oth yawning and penile erection, but only penile erection was
ncreased by NC exposure, reinforcing the speciﬁcity of the plant
n penile erection mechanisms.
Consistent with previous studies, we also found that chow
nriched with NC has antidepressant properties in mice (Bernardi
t al., 2010). Clinically, this ﬁnding could be very interesting
ecause most antidepressant drugs induce sexual dysfunction and
educe the human and laboratory animals’ libido (Baldwin, 2004;
abr et al., 2009). However, in the present study, NC improved
exual behavior and performance.
Because we  previously detected an amphetamine-like effect
f this plant in mice, increasing motor or emotional behaviors
Massoco et al., 1995), which could interfere with sexual behavior,
e performed the open ﬁeld general activity and motor coordina-
ion studies.
The different behavioral parameters evaluated in the open ﬁeld
re related to emotional, exploratory and motor behavior. Partic-
larly, the ﬁrst exposure of the animal to the device has mainly a
trong emotional component (Moniz et al., 1994; Batatinha et al.,
995; Massoco et al., 1995). Moreover, locomotion in an open
eld is inversely associated with anxiety ratings. This associa-
ion depends upon whether the locomotion appears purposeful
r whether the animal exhibits other exploratory behaviors or
xhibiting anxiety-related behaviors (Dishman et al., 1996).
Thus, despite a decrease in locomotion and rearing behavior in
he NC group during the 15-min and ﬁrst sessions, respectively, no
ifferences were detected during the other observation sessions.
ikewise, immobility and motor coordination were not modiﬁed
y NC. These results suggest that ﬁne (motor coordination) and
ross (general activity) motor, emotional and anxiety interferences
re not induced by NC. Therefore, the general activity and motor
oordination negative results reinforce our present ﬁndings that
C improves sexual behavior and performance.
. Conclusions
In conclusion, NC slightly improved sexual behavior and
ncreased penile erection in male rats. These ﬁndings suggest
 possible relationship between NC and dopaminergic systems.
oreover, the general activity was slightly reduced and the motor
oordination and yawning were not modiﬁed. These results suggest
 beneﬁcial effect of NC on sexual behavior and sexual performance.
C may  even be suggested for clinical treatments of human, espe-
ially for erectile dysfunction. However, other studies still need to
e conducted, particularly with respect to the long-term effects of
C on sexual behavior, the identiﬁcation of NC active principles and
he mechanism of action.
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